Abstract. The increasing incidence of a variety of cancers after the Second World War confronts scientists with the question of their origin. In Western countries, expansion and ageing of the population, as well as progress in cancer detection using new diagnostic and screening tests cannot fully account for the observed growing incidence of cancer. Our hypothesis is that environmental factors play a more important role in cancer genesis than it is usually agreed: i) over the last 2-3 decades, alcohol consumption and tobacco smoking in men have significantly decreased; ii) obesity is increasing in many countries, but the growing incidence of cancer also concerns cancers not related to obesity nor to other lifestyle-related factors; iii) there is evidence that the environment has changed over the same time scale as the recent rise in cancer incidence, and that this change included the accumulation of many new carcinogenic factors in the environment; iv) genetic susceptibility to cancer due to genetic polymorphism cannot have changed over one generation and actually favours the role of exogenous factors through geneenvironment interactions; v) age is not the unique factor to be considered since the rising incidence of cancers is seen across all age categories, including children; vi) the fetus is specifically vulnerable to exogenous factors. A fetal exposure during a critical window period may explain why current epidemiological studies may be negative in adults. We therefore propose that the involuntary exposure to many carcinogens in the environment contributes to the rising trend in cancer incidence.
Europe. In Western countries, although mortality has declined, cancer is now the second leading cause of death overall and the leading cause of death under the age of 75. According to WHO, worldwide cancer burden is set to increase by as much as 50% by the year 2020, unless further preventive measures are put into practice (6) .
There are currently two opposite interpretations of the growing incidence of cancer. The first one considers that environmental pollutants can only make a minor contribution to overall cancer incidence changes and therefore that increase in the size and ageing of the population, lifestyle influences such as smoking, alcohol consumption and diet, and new progress in diagnosis and screening procedures can explain the current increased cancer incidence (7) (8) (9) . Conversely, the second interpretation, considering that these arguments are not sufficient, estimates that in addition to these factors, there is a contribution from the environment and that involuntary exposure to diverse pollutants may be involved (5, (10) (11) (12) (13) . The definition of environment varies according to authors. Usually, it refers to the physical, chemical and biotic factors that act upon an individual, and therefore include social and cultural conditions. Geneticists consider all factors that are not innate and therefore, include lifestyle-related factors among environmental factors. We focus here on physical, chemical and biological agents, which may be present in the surroundings of individuals. By contrast, behavioural habits such as smoking, alcohol consumption and diet are excluded from the definition (14) .
In a recent report, mortality from 12 types of cancer in 7 World Bank regions were attributed to 9 risk factors, among which 5 result from lifestyle, 2 from viral infection and 2 from air pollution (3) . However, all together, these 9 risk factors account for 39-41% of all cancers. So, they are not representative of all presumed risk factors involved in carcinogenesis. The present overview focuses on Western countries. It aims at analyzing new environmental risk factors, discussing the plausibility of their causal effect in the genesis of cancers. We propose that the involuntary exposure to many carcinogens in the environment contributes to the rising trend in cancer incidence in high-income countries.
Role of lifestyle factors in inducing cancers
It is well agreed that smoking and to a lesser extent alcohol consumption, diet imbalance, obesity and lack of physical exercise are contributing factors to cancer in high-income countries. We analyze these factors and discuss their pertinence and magnitude of effect.
Tobacco smoking. Smoking is indeed a major concern. Because tobacco smoke and tar contain mutagenic substances, including Polycyclic Aromatic Hydrocarbons (PAH) and nitrosamines, smoking is a major factor contributing to human carcinogenesis and one of the best determined (Table I) . As underlined by many authors, smoking is a risk factor for several types of cancers, mainly lung cancers and cancers of the upper aero- Alcohol-related cancers   Oropharynx  21  8  Oesopharynx  14  6  Liver  18  12  Larynx  21  13  Female breast cancer  -3 - Oropharynx  57  1  Oesopharynx  54  46  Stomach  14  11  Anus  48  41  Pancreas  24  19  Larynx  73  66  Lung  84  77  Uterus  -10  Cervix  -19  Vulva  -4  Penis  30  -Bladder  43  36  Renal parenchyma  28  21  Renal pelvis  55 48
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digestive tract (UADT) (including cancers of the oral cavity, nasal cavities and sinuses, pharynx and larynx), but also, to a certain extent, esophagus, stomach, pancreas, liver, bladder, kidney and cervical cancers, as well as myeloid leukemia (15, 16) . Because many of these cancers are associated with a poor prognosis, smoking remains a major cause of cancer mortality. In high-income countries, the mean Population Attributable Fraction (PAF) for tobacco smoking in both sexes combined is estimated to be 25-30% of the overall cancer mortality (17) . However, because many of these cancers are generally of poor prognosis, PAF related to overall cancer incidence is lower, probably in the order of 20-25% (12). Indeed a major question remains to determine the different factors which contribute to the approximately 70-75% of cancers not related to smoking.
Alcohol consumption. In contrast with PAH and other carcinogenic molecules found in tobacco smoke and tar, ethyl alcohol is not per se a molecule with mutagenic properties, but acts mainly as a cocarcinogen. On the basis of epidemiological data, alcohol has nevertheless been classified as a human carcinogen (18) . Indeed alcohol can potentiate the carcinogenic effects associated with smoking or other factors (19) through a cocarcinogenic effect, which accounts for amplification of UADT and esophageal cancer incidence. However, an elevated risk of UADT cancers in the absence of tobacco smoking and of non-tobacco-associated cancers has been observed (Table I, 18 ). These observations strongly suggest that in such cases, alcohol consumption may be associated with other carcinogenic factors. The mechanism of action of ethanol is not clear. In addition to its predominant cocarcinogenic effect, ethanol has been thought to be associated with some promoting effect. Here we clearly distinguish cocarcinogens from promoters. A cocarcinogen is a molecule which can activate or enhance the action of a carcinogen be it a mutagen or a promoter (20) . On the other hand, a promoter is a molecule which stimulates the division of cells and may promote loss of differentiation and apoptosis induction, be the cells mutated or not (21) . Among the cocarcinogenic effects of alcohol are the depletion of detoxifying molecules such as glutathione and the induction of the hepatic cytochrome P450 2E1 (CYP2E1) enzyme, leading to the activation of procarcinogens into carcinogens (22, 23) . By contrast, a promoting effect for alcohol, through immunosuppression induction has been suggested (24) . However, this hypothesis has never been validated through pertinent toxicological and epidemiological studies. In addition, because induction of CYP2E1 in the liver may result in the metabolising of ethanol into acetaldehyde, thus leading to the production of mutagenic free radicals, it has been postulated that ethanol may also contribute to initiate specifically hepatocellular carcinoma (HCC) through mutagenesis (25) . Yet, this hypothesis needs to be validated. Furthermore, due to a decrease in alcohol consumption over the last 20 years, PAF for alcoholrelated cancers is only 4% in high-income countries (3). We therefore conclude that the presumed carcinogenic effect of ethanol needs to be clarified by new toxicological and epidemiological studies, and that overall, because of its trends to decrease, alcohol consumption cannot be a factor related to the recent growing incidence of cancers.
Diet. Several studies have shown that in highly developed countries, food intake imbalance, rich in calories and animal fat and low in fibre, in other words, rich in red meat and poor in fruit and vegetables, is a factor that fosters the occurrence of some cancers (colon, prostate, endometrium and breast) and conversely that high intake of fruits and vegetables has a protective anticancer effect (26, 27) . Migrant studies strongly suggest that lifestyle-related diets can affect the genesis of the aforementioned cancers (2, (28) (29) (30) . They cannot however rule out the possibility of other associated causal factors. A common interpretation is that increased animal fat intake, rich in polyunsaturated fatty acids, can generate mutagenic free radicals by increasing oxidative stress (31) , while diets rich in fruit and vegetables, because they contain many natural antioxidants, can yield an anticancer protection (32-34). We question the magnitude and interpretation of these presumed effects. PAF for cancers related to low fruit and vegetable intake is estimated to be only 3% of cancer mortality in Western countries (3). Furthermore, experimental animal studies have not proven that high fat diet can initiate cancers, but rather that fatty diets can be associated with a cocarcinogenic effect through the induction of the cytochrome P450 system (35) . Identification of mutagenic substances associated with cooking of high fat diet has been the object of many efforts. Pyrolysis of aromatic amino-acids and of fatty acids associated with grilled meat has been suspected to be involved in mutagenesis, leading to the hypothesis that heterocyclic aromatic amines (HAAs) and polycyclic aromatic hydrocarbons (PAH) respectively could play a role in cancer initiation (36) (37) (38) . Some epidemiological studies support this hypothesis, whereas others do not. Such discrepancy may depend on genetic susceptibility (39) . Because these studies concern specific selected samples of the population, a major question is to what extent grilled meat (containing HAAs and/or PAH) could impact carcinogenesis in the general population. Furthermore, on the basis on epidemiological and biological data, the role of dietary fat in carcinogenesis is not so clearly defined as usually agreed. Many epidemiological studies testing the presumed role of animal fat in the genesis of cancer are controversial (40) (41) (42) . An explanation could be that these studies have not been evaluated by taking into account genetic polymorphism and/or continuous induction of CYP450 together with duration of exposure. Although it has been shown that animal fat intake may be associated with colorectal cancer occurrence, it has never been proven that fat per se can initiate carcinogenic effects (43, 44) . In fact, because diets rich in fatty acids are generally associated with low fruit and vegetable intake, it is indeed quite difficult to disentangle the two effects in epidemiological studies. While it is suggested that food imbalance may act through a direct cocarcinogenic or even indirect promoting mechanism, the hypothesis that fibre in a well-balanced diet (rich in fruit and vegetables) plays a protective role by inhibiting the effect of carcinogens possibly contaminating food or being added to it, is put forward (45, 46) .
Overweight, obesity and sedentariness. Overweight, obesity and sedentariness have been incriminated as risk factors for cancer (47, 48) . Recent studies in the USA have shown that obesity associated with some cancers can worsen mortality (49) . Indeed, because obesity by itself increases mortality, these studies do not prove that obesity per se is a factor involved in cancer mortality. However, in many studies, obesity was found to be associated with an increased incidence of several cancer types (50, 51) with the exception of lymphoma (52) and childhood cancers (53) . Consequently, aside from these cancers, a recent hypothesis is that the observed increase of incidence of several cancer types, such as breast, colon, liver or kidney cancers may be partially due to obesity (54). However, in Western countries, PAF for obesity-associated cancers and for cancers associated with physical inactivity are only 3% and 2% respectively for cancer mortality (3). Thus, as for fatty diets, the role of obesity in carcinogenesis is not clear. Indeed a promoting mechanism whereby obesity could be a risk factor through a modification of the hormonal milieu remains hypothetical (48) . Moreover, it has never been demonstrated that excess weight and obesity can initiate cancer. They can, however, indirectly contribute to cancer genesis through a progressive accumulation of chemical carcinogens in adipose tissue. We have clearly shown that lipophilic organic xenomolecules such as benzo[a]pyrene can accumulate in adipose tissue (55) and therefore, that this tissue should be considered as a reservoir for lipophilic xenomolecules including persistent organic pollutants such as dioxins and PCBs (56) from which they are released into the plasma, where they can be detected at doses positively correlated with the body mass index (57) . We have clearly demonstrated that benzo[a]pyrene can favor obesity in mice by impairing ß-adrenergic stimulation of adipose tissue lipolysis (56) . We therefore hypothesize that some carcinogenic molecules may be involved both in obesity and cancer genesis. Such mechanism seems to have been recently suggested for tributyltin an endocrine disruptor associated with carcinogenesis (58) which have been shown to increase adipose mass (59) . Since obesity has been found to be associated with several types of cancer, our observation allows to consider that factors other than food intake imbalance and abnormal diet may be involved in carcinogenesis. In addition, a high number of molecules, rated as carcinogenic, probably carcinogenic or possibly carcinogenic to humans, belonging respectively to the IARC's groups 1, 2 A and 2 B for the evaluation of carcinogenicity to humans (60) , can bioaccumulate in the organism and may contribute also to carcinogenesis. We are therefore led to the conclusion that, in addition to classical lifestyle-related risk factors, other carcinogenic factors found in the environment could also play a major role in the genesis of cancers.
Epidemiological arguments in favour of the role of the environment in the current growing incidence of cancer
The interpretation of the currently growing incidence of cancer shows a divergence of opinions among experts. Some of them, referring to the initial study of Doll and Peto (61) and taking into account ageing of the population and the recent improvement of diagnostic and screening techniques, consider that the main causes of cancer are still related to our lifestyle and that the current growing incidence of cancer is due both to the increase of population life expectancy and the detection of small tumors, which normally will have never developed into symptomatic true cancers. Conversely, other experts referring to the most recent epidemiological and toxicological data emphasize environmental carcinogenic factors (5, (11) (12) (13) . This is the issue we attempt to address hereby, based on epidemiological considerations.
Decrease in tobacco and alcohol consumption. The Doll and
Peto study dates back to 1981 and is based on earlier US epidemiological data. Yet, since 1981, our environment has been greatly modified. Alcohol consumption has been in the decline in all countries except in Nordic countries, so it cannot explain the growing incidence of cancers in non-Nordic countries. In addition, smoking for men decreased in all countries (Figs. 2 and 3), so it cannot be a further explanation of the growing incidence of cancers. Though mortality due to lung cancer has increased in men since the last world war in many countries and more recently in women, at the same time tobacco consumption and the proportion of regular smokers have decreased in men in several developed countries, whereas it has progressively increased in women (62) . This observation is worth discussing. The analysis in Fig. 4 shows that in France, increase in mortality due to lung cancer in men has slowed down since 1990 and currently tends to level off, which suggests that mortality could drop sharply in years to come, if a stringent policy against smoking is maintained, as any epidemiological translation of reducing smoking requires several decades before its health impact becomes apparent. This is indeed the case today in countries that have launched a real fight against smoking many years ago. However, because PAF for tobacco smoking-associated lung cancer mortality is approximately 90% for men and 70% for women in industrialized countries (63) and probably lower for incidence, i.e. in the order of 80% and 60% respectively, it clearly appears that lung cancers are not exclusively related to tobacco smoking (64) (65) (66) . Likewise, recent epidemiological data concerning cancers partially related to tobacco smoking, such as bladder and renal cell carcinoma, need to be interpreted in the light of other causal factors. While over the last two decades, incidence of bladder cancer is decreasing in the UK, possibly because of a reduction of smoking, paradoxically it is increasing in France and is stable in the USA, although smoking is also decreasing (Figs. 2 and 5). A similar trend is observed with renal cell carcinoma. Incidence is growing in the UK, France and in the USA, while tobacco smoking is decreasing in these countries (Figs. 2 and 5). This strongly suggests that for kidney carcinoma as well as bladder carcinoma, carcinogenic factors other than smoking have recently emerged. A similar paradoxical picture exists for HCC. Although the incidence of UADT and esophagus alcohol-related cancers have markedly declined over the past decades in many European countries including France (Table I , Fig. 6 ), mainly due to a decrease in alcohol consumption, incidence of HCC has increased. The currently growing incidence of HCC could therefore be the consequence of other oncogenic factors, such as viral hepatitis B and C (67, 68) and/or chemical carcinogens (69, 70) . Finally, a basic observation is that the incidence of and mortality from cancers strongly related to tobacco and/or alcohol consumption have been decreasing over the last two decades, while the incidence of cancers not related to tobacco and/or alcohol consumption or to obesity, have been increasing (77) (78) (79) (80) . Clearly, the marked rise in incidence of these cancers with the exception of cervical cancers which has drastically declined over the last decades (81) may be due in part to the detection of latent tumors which may have never progressed into symptomatic cancers (76, 82, 83) . However, although this incidence increase can be partly explained through the recent generalization of screening tests, we assume that other factors do occur for the following reasons: i) with the exception of some very slightly invasive and slowly progressing cancers, any truly invasive cancer almost always converts into a symptomatic disease and consequently is recognized clinically. A significant number of cancers that were not screened 20 years ago were thus probably diagnosed, meaning that in the case of good cancer registries, there cannot be a deficit in reporting; ii) the current screening tests improve early detection of cancers and thus most probably improve prognosis. Indeed, screening for cancers which are detected at a really invasive stage (breast cancer for example) can only influence mortality. On the other hand, impact on reduced incidence can only be assumed for cancers screened at a pre-invasive stage (cervix and colon cancers for example). The current tests should therefore influence mortality rather than incidence unless one considers the possibility of numerous false positive tests, an hypothesis which cannot be substantiated, due to the systematic carrying out and analysis of tissue biopsies showing invasive cancers. This is the case in particular for prostatic cancer. Careful analysis of biopsies revealed that screened cases were associated with the same Gleason grading as non-screened cases, meaning that screened cases carry the same histoprognosis as nonscreened cases (79); iii) consequently, as a result of screening, a clear decrease in mortality in countries that systematically used screening tests should have been expected. Unfortunately, except for cervical cancer, it is not the case. So, for breast carcinoma, since the use in the late 1980s of systematic screening in 16 European countries, where cancer incidence was increasing, cancer mortality is either stable or slowly decreasing (84) . This indicates that part of the increased number of new screened cases was probably related to truly malignant cancers and that screening methods are not sufficient to eradicate cancer mortality. This emerging new concept has been recently debated (85, 86) . In fact, screening can influence mortality in the detection of both invasive cancers and of pre-cancerous lesions (87,88). In countries that did not use systematic, but rather opportunistic screening, breast cancer incidence is growing, while cancer mortality is either increasing or stable. This indicates that screening may not be efficient, but that the growing incidence of cancer is not related to precancerous or smoldering invasive cancers, but to truly malignant cancers (89); iv) in countries or regions where the incidence rates of breast, prostate or thyroid cancers have been historically low and where there has been no systematically performed screening test detection, increased incidence rates of these cancers is now observed (2,75,90); v) in many countries, the increased incidence of these cancers is such that it is very unlikely that all new cases could be solely due to improvements in diagnosis and screening test procedures (Figs. 7 and 8); vi) a careful analysis of cancer registries of countries that have systematically collected all new cancer cases during a sufficiently long period, i.e. before and after the introduction of new screening tests supports this hypothesis: this is the case in Norway. Fig. 9 relates to the evolution of incidence rates for breast, prostate and thyroid cancers since 1955. For breast and prostate cancers, one can individualize two different slopes of the curves, with a break point between 1992 and 1993 which may correspond approximately to the general use of mammography and PSA detection. It is worthy of note that before the introduction of these tests, prostate cancer cases had doubled in number and breast cancer cases nearly doubled. A similar interpretation can be used for thyroid cancers. Their progressive increasing incidence starts a long time before the general use of ultrasonography for their detection; vii) finally, the overall incidence increase concerns cancers for which no screening test has been developed over the last 20 years: this is the case for testicular cancers as well as for melanoma, lymphoma, leukemia and childhood cancers. Therefore, we theorize that the increased risk of cancer corresponds to a genuine phenomenon from a biological, epidemiological, medical and public health point of view.
Modifications of endogenous factors cannot account for the currently growing cancer incidence
Before considering our hypothesis plausible according to which the involuntary exposure to many carcinogens in the environment greatly contributes to the genesis of cancer, a basic question is to examine whether endogenous factors might have been implicated to account for the current growing incidence of cancer and to what extent they might have been involved. This issue is thus worth addressing at a genetic and biological level and consequently focuses more precisely on expanded life expectancy and ageing, as the growing burden of cancer in elderly people could explain the growing incidence of cancer.
Genetic versus environmental influences.
Cancer is generally recognized as a multistage disease involving accumulation of a critical number of mutations within a stem cell (91) . The discovery of oncogenes, tumor suppressor genes, DNA repair genes and cancer susceptibility genes has led to the concept that carcinogenesis is a pure endogenous genetic process (92, 93) . Clearly, this concept has to be revised, because causation of cancer must be distinguished from its consequences, i.e. the disease itself. Indeed, it has become increasingly evident that due to gene-environment interactions (39) , cancer is causally an environmental disease. Two elegant studies documented this new scientific paradigm. Data based on the analysis of co-occurring cancer incidence in a cohort of identical twins have demonstrated that environmental rather than genetic factors predominate in the aetiology of cancer. Theoretically a high level of co-occurrence would have revealed that inheritance is more influential than environmental factors in the causation of cancer. But it is not the case. The study showed that the concordance rate of cancer among identical twins was rather low, indicating that non-genetic influences predominate (94) . Moreover, estimation of the relative proportion of genetic and environmental influences for each specific cancer, using a structural equation model, showed that for all cancer types, except thyroid cancers, environmental factors (including lifestyle-factors) predominated (95) . It appears therefore, that environmental factors prevail in the aetiology of cancers and consequently that inherited genetic factors are not involved in the current growing incidence of cancer.
Innate and acquired susceptibility to cancer. In order to further examine the hypothesis according to which endogenous factors could be considered, it is necessary to question whether the growing incidence of cancer may have resulted from the occurrence of specific inherited mutations of susceptibility genes or from acquired somatic susceptibility within the general population. It is clearly established that in addition to their mutagenic effects, radiation, viruses and chemicals can be cancer promoters via immunosuppression induction. Such a mechanism of acquired susceptibility to cancer is exemplified in selected specific population samples including patients treated with immunosuppressive drugs for organ transplantation (96) (97) (98) (99) , irradiated people (100,101) or people with HIV infection (102). We do not know to what extent environmental immunosuppressive factors and particularly immunosuppressive chemicals could contribute to acquired susceptibility to cancer within the general population and therefore to what extent, these acquired environmental factors may have been implicated in the current growing incidence of cancer. On the other hand, inherited factors accounting for cancer susceptibility include theoretically specific oncogenes as well as genes involved in the activation or detoxification of carcinogens and repair of DNA damage (39) . Three types of arguments discredit the hypothesis according to which an increase in inherited genetic susceptibility could have occurred, accounting for the growing incidence of cancer: i) only a small proportion of cancer follows a Mendelian pattern of inheritance (103, 104) . Familial cancers arising as a result of highly penetrant mutations be they associated or not with hereditary cancer predisposition syndromes, are unlikely to account for more than 10-15% of all childhood cancers meaning that they represent no more than 0.2% of the total cancer burden (105, 106) . In addition, inherited tumor suppressor oncogenes, such as BRCA1 and BRCA2 genes in patients with familial breast carcinoma (107) or other inherited susceptibility genes, such as hMSH2, hMLH1, hPMS1, hPMS2 and hMSH6 genes, in Hereditary NonPolyposis Colorectal Cancer (108) are relatively rare (109) and taken together account for less than 5% of cancers (110) . Moreover, despite considerable efforts to identify common less penetrant susceptibility genes for cancer discovery such genes are disappointing (111) ; ii) by contrast, a more likely situation is that cancers develop as a result of exposure to risk factors in genetically susceptible individuals (112) . Indeed, inherited genes that encode enzymes involved in the activation or detoxification of exogenous carcinogenic factors are much more frequent. These genes are polymorphic in nature, meaning that they are a common variant of the enzyme genes (39, 113) . As a consequence of polymorphism, individual variations in the metabolism of carcinogens account for differences in susceptibility to cancer and could thus impact on the population attributable risk for cancer. Polymorphism has resulted from mutations, which have survived and passed through generations (39) . However, it is theoretically and practically impossible to believe that in one generation (25 years), genetic polymorphism would have been modified such that it could have increased so greatly the population's genetic susceptibility (104) ; ii) Moreover, while the previous exceptional childhood cancers associated with Mendelian pattern of inheritance are purely related to inherited penetrant endogenous mutations, for all the other inherited cancers, genetic susceptibility just increases the risk of cancers related to exogenous and especially environmental factors (94, 114) . For example, this is the case for women having one or the other inherited tumor suppressive susceptibility gene BRCA1 or BRCA2. The risk of having breast cancer at age 50 is 24% for those born before 1940, while it is 67% for those born later (107) . This means that since the last world war, a new phenomenon occurred, whether it is related to lifestyle modifications (hormone treatments, later age at first pregnancy, increased number of women with no pregnancy etc.) or to environmental changes.
Ageing and extended life expectancy. A major and recurring counter-argument to the environmental concept whereby the current growing incidence of cancer is due to changes in our environment is that we are living longer and cancer incidence increases with age. There is no doubt that life expectancy has been increasing for many decades in Western countries and that cancer incidence increases with age, thereby leading to an increased number of new cases and of deaths from cancer (115) (116) (117) (118) (119) (120) (121) . The widely accepted opinion according to which extended life expectancy, i.e. increased age, is a major factor to explain the current increase in cancer incidence needs however to be clarified. Crude numbers of cancer burden, be it the number of new cases or the number of deaths are affected by changes in the population size and structure. For comparisons of populations over time, age-standardized rates need to be computed. Therefore age no longer plays a role when examining age-standardized rates and their trends over time or differences across populations. Moreover, from a biological standpoint, the role of ageing in the occurrence of cancer shall be discussed. A basic assumption, which supports the role of age, is that, according to the multistage theory proposed by Armitage and Doll in 1954 (122) , people living longer have a greater chance of accumulating the critical number of mutations needed for cell transformation. Indeed the multistage somatic mutations theory is not incompatible with the rising incidence of cancer associated with increasing age, if we assume that many environmental factors are carcinogenic and cancer risk is clearly related to the duration of exposure to exogenous carcinogens. However, in addition to this theory, a second hypothesis has been put forward indicating that besides the extended life duration, ageing by itself could favour cancer, meaning that in addition to mutations induced by exogenous factors, ageing-related endogenous mutations could occur. Consequently, it has been postulated that the currently expanded ageing of the population could be per se a major cause of the observed increased incidence of cancer. It cannot be assumed that ageing by itself is a major contributing factor to cancer genesis for the following reasons: i) in tissue culture, there is no evidence showing that spontaneous (or induced) mutation rates increase according to the number of previous cell generations (123) ; ii) for a cell to mutate, it needs to divide (124) . This basic observation is compulsory. Yet, the widely agreed observation is that the number of stem cells decreases with ageing. It follows thus to conceive that the probability of mutations may be lower in elderly people than in young people, although in the former, the total number of mutations can be higher due to the bioaccumulation process; iii) while it seems clear that ageing can be associated with physiological immunodeficiency and that, in general, immunodeficiency, be it innate or acquired, can favour virus-induced mutagenesis, there is no convincing experimental or clinical data suggesting that ageing per se can spur the initiation of cancers in elderly people. This means that, as much as ageing-related immunodeficiency may play a role in carcinogenesis due to a deficiency in the immunosurveillance system (role of K and NK cells), it would intervene in the promotion phase and not in the initiation phase. From these data, we conclude that ageing per se cannot be a factor, which contributes to initiate cancer, but rather, if we assume that many environmental factors are mutagenic, that cancer risk is clearly related to age, i.e. to duration of exposure to these factors.
Vulnerability of children with specific reference to fetus. Indeed, a basic observation that could argue against the previous considerations whereby age is a major contributing factor to the current cancer problem comes from the fact that the increasing cancer incidence is not restricted to any particular age group. Worldwide, age-specific rates of cancer incidence, i.e. the standardized rates for each age group in particular, are rising across the whole age spectrum and particularly in children and young adults. This is the case in the USA as in Europe. According to the NCI, the incidence rate increase for childhood cancers in the USA has been assessed on average at 1% yearly over the past 30 years and this 1% per year figure is also confirmed in Europe (125) (126) (127) . However, in some countries, it can be higher. For example, in the UK, the overall rate of childhood, adolescent and young adult cancer incidence is increasing by 1.5% per annum (128) (129) (130) . In Europe, about 1% of all malignant tumors arise in patients younger than 20. Within this age group, the overall incidence rate over the last three decades have been increasing in all ages, but mainly in infants before the age of 3 and in adolescents after the age of 14.
A major question deals with the causal origin of this increase. Considering the presumed role of environmental factors in childhood cancers, there are three periods during which exposures may take place: the preconceptional period (i.e. effects on parental germ cells), the prenatal period (i.e. exposure of the embryo or fetus via the mother's placenta) and the post-natal period which corresponds to the direct exposure of children to exogenous factors. Childhood exposure to chemicals may result in chemically-induced carcinogenesis as well as in virus-induced carcinogenesis, through chemicallyinduced immunosuppression. This could be particularly the case in infants, in whom contamination by immunosuppressive chemicals can enhance their physiological postnatal immunologic immaturity (131, 132) . Infants and children differ also from adults in their direct exposure to environmental toxicants both qualitatively and quantitatively, because proportionally to body weight, they ingest relatively more water and food, and breathe more air than adults (133) and by specific physical activity close to the ground (134) . In addition, the high rates of cell proliferation and differentiation as well as their lower capacity of cell detoxication and DNA reparation (135) render cells of the fetus and developing child more susceptible to mutations and/or epigenetic alterations (114) . This explains why many clinical studies have demonstrated the extreme vulnerability of the fetus to environmental factors, including viruses (136) (137) (138) , radiation (139) , hormones and chemicals (140) (141) (142) (143) . Moreover, because there is no protective barrier between the developing fetus and its mother, trans-placental exposure of the fetus to natural or synthetic hormones and chemicals does occur (144) (145) (146) (147) . In addition, infants may be contaminated during breast-feeding (147) . Numerous studies of prenatal exposure in animal models have confirmed the above observations, indicating that a causal link between environmental carcinogens and cancers exists (148) (149) (150) . Considering the aetiology of cancer in children, parental exposure to carcinogens is indeed of critical importance. However, although maternal tobacco smoking during pregnancy was first suspected (151), it was not confirmed. There is no consistent association with childhood cancers overall or with specific types, no matter which exposure period is considered. Moreover, a similar negative trend has been put forward for maternal alcohol drinking (152, 153) . By contrast paternal smoking (154) as well as paternal alcohol drinking before pregnancy (155) were revealed to be associated with a small increase of childhood cancers including acute lymphoid leukemia. This strongly suggests that exposure to classical lifestyle-related factors cannot explain the current growing incidence of childhood cancers, but that preconceptional paternal exposure to carcinogens may be relevant. An important finding, which accounts for the difficulty in interpreting epidemiological data of environmental carcinogenesis is the existence of a critical window period of fetal exposure, during which there is an increased risk of subsequent development of cancer. Based on experimental data, it can be hypothesized that through the perturbation of fetal organogenesis and cell differentiation, there could be a mechanism whereby in utero exposure to low levels of chemicals could lead to the development of several types of cancers, which may occur later in life (156, 157) . Consequently, in addition to paternal smoking, prenatal exposure and even preconceptional paternal exposure to environmental carcinogens (158) may be causal factors accounting for the growing incidence of childhood cancers, as well as subsequent development of adult cancers.
Finally, contrary to the still prevailing current opinion stating that the growing incidence of cancer is related to classical lifestyle-related factors, improvement of screening tests and/or ageing of the population, we consider that three new concepts have recently emerged, which lead to the conclusion that the bulk of excess cancers in populations exposed to carcinogens, is from the exposure itself in the population at large and not from modification of a large excess risk in subgroups with specific genetic predisposition. The first new concept is that due to the extreme vulnerability of the fetus, in utero exposure to exogenous factors may result in the subsequent development of cancers (159, 160) ; the second one is that children are at high risk of cancer due to their specific physiological conditions (specifically during their prepubertal period) and their particular vulnerability to exogenous factors; the third one is that cancers in elderly people imply a phenomenon of mutational bioaccumulation, mainly related to duration of exposure to risk factors. Thus, the older a person is, the longer the exposure duration to these factors is and the higher the risk of developing cancer. According to several cancer registries, this seems particularly the case for people aged up to 80 years.
From this overview, we conclude that, lifestyle-related factors with the notable exception of tobacco smoking are not mutagenic, and that screening methods cannot fully account for the currently growing incidence of cancers so that this growing incidence of cancers may result in part from the emergence of new environmental factors. We therefore propose that the causal origin of many cancers cannot be restricted to lifestyle-related factors, but in addition to these factors, depends on many environmental factors including viruses, radiation and chemicals.
